INTRODUCTION
We have previously reported that amorphous films of the ternary oxide system Bi,O,-Fe203-AB03 (AB03 : BaTiO,, PbTiO,, PbZrO, etc.) prepared by rf-sputtering in an argon and oxygen mixed gas atmosphere exhibit ferromagnetism and ferroelectricity simultaneously well above room temperarure in a narrow composition range of the Fe203-concentration near 70% after annealed above 600°C in air[l-41. However, the films after annealing involved a lot of pinholes, which hinder measurements of dielectric properties from planar capacitors due to short circuit across the electrodes, so that reliable data of ferroelectricity could not be obtained. To overcome this difficulty, we have tried to prepare the same system films by coating gel-solution by a spinning-disc on either Corning #7059 glass plates or low resistivity Si-wafers and calcined at temperatures up to 800°C in air. By this technique, optically flat films without microcracks and pinholes could successfully be prepared even after the films were subject to annealing at high temperatures. In this article, we describe ferromagnetic and ferroelectric properties of gelcoated films and found that both properties are supposed to be a correlated phenomenon from their variations of annealing temperature and compositional dependence.
FILM PREPARATION
As for liquid precursor of the sol-gel method, we adopted the "glycol gel process" compounded by bismuth (In) nitrate (Bi(N03)3SH20), iron (In) nitrate (Fe(N0&9H2O), lead (11) nitrate (Pb(N03)2) and titanium (IV) isoproxide (Ti(OC,H,),) dissolved in ethylene glycol (HOCH2CH20H). The sol-gel reaction proceeds by heating the solution at 80°C in a nitrogen flow. After the viscosity of the gel reached about 60 cp, the solution was cooled to room temperature and coated on substrates [Corning #7059 glass plates andlor low resistivity(0 =0.1 -0.OlQcm) Si wafers] by using a spinning disc. The coated gel was dried at 50°C and one-run coating was limited to be about O.1pm to obtain crack free films. for calcination tcnlpcrature .
This process was repeated several times and the film samples were finally temperatures T,=500-800°C for 10 min. Rapid elevating and cooling temperatures were found be useful to prevent formation of pinholes and crystalline precipitates. The crystallographic character was examined by 
I"
from the starting solutions was found to remain within the range + 2%.
The magnetic and dielectric properties were measured by a vibrating-+ sample-magnetometer (VSM) and Sawyer-Tower method operated at f=60 Hz, respectively.
RESULTS E
:::p 1.5m - exhibits the maximum 4nMs (=2.2 kG) attained in the present study. The + Fe20, concentration : x T,-evolution of magnetic hysteresis loops of the film shown in Fig.1 is drawn in Fig.Z(a) . 4nM, begins to appear at about Ta=500'C, it increases F~~~~~ 3: quantities(a) with T, and takes a maximum at Ta=700"C and then decreases rapidly dielectric qum+ities(b) as a function of the Pe20,-with higher T, , where precipitates of para-or antiferromagnetic phases concentration X, where T,=70O0C.
such as PbO . 2Fe20, and a-Fe203 appear. This result suggests that amorphous state is essential for establishing ferromagnetic character. Figure 2@ ) is the T,-evolution of dielectric hysteresis loops of the same - behaviors at high temperature, where the ferromagnetic origin of these
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samples is considered to be caused by ferrimagnet nanoclusters. In order to see the microstructure of our samples, the absorption edge of iron in Figure 4 : Fourier trmsforn~ of EXAFS ofthe filnl EXAFS spectra was measured. Figure 4 is Fourier transform of EXAFS shown in Fig.1 . The dotted curve: lead-hexaferrite. spectrum of the film used in Fig.1 together with that of lead hexaferrite (PbO -6Fe,03 , Pbht) powder drawn by the dotted line, which is the most possible material candidate giving rise to ferrimagnetism in the present system. From the figure, the sorounding coordination of iron ions is considerably different from that of PbM powder: The 1st nearest neighbour is assigned to be Fe-0 bonding. From inverse Fourier-transform of the 1st nearest neighbour peak, the avera e bond distance of the film is estimated to be 182A which is noticeably small compared to that of PbM powder (1.981), and long range order is not clearly mognired, suggesting that our lilms are in a highly disordered state. Thus it is likely that the peculiar properties coexisting on ferromagnetic and ferroelectric behaviors of our amorphous oxide films originate from a certain kind of highly frustrated spin-glasses.
